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APPARATUS AND METHOD FOR HYDRAULIC 
DRILLING 

BACKGROUND OF THE INVENTION 

1. Field of the Invention (Technical Field) 
The invention relates to a drilling apparatus, more 

particularly to a hydraulic drilling apparatus; and a 
method for its use. 

2. Background Art 
Hydraulic drilling has long been known in the art. 

One method, the cavitation method, involves the pro 
duction of bubbles within a liquid. The bubbles collapse 
upon or adjacent the surface of the material worked 
upon, thereby disintegrating such material. The bubbles 
(or cavities) may be produced by turbulence-inducing 
jet nozzles or by the shear effect, such as created by the 
vortices (cavities) produced when a high speed liquid 
jet penetrates relatively stagnant liquid. 

U.S. Pat. No. 4,798,339, to Sugino, et. al., entitled 
Submerged Jet Injection Nozzle, discloses divergent noz 
zle structure for generating the cavitation phenomenon. 
Similarly, U.S. Pat. No. 3,528,704, to Johnson, Jr., enti 
tled Process for Drilling by a Cavitating Fluid Jet, dis 
closes convergent nozzle structure for utilizing the cav 
itation phenomenon for drilling. U.S. Pat. No. 
4,610,321, to Whaling, entitled Cavitating Jet Device, 
teaches a jet nozzle drilling bit wherein both nozzle 
shape and the shear phenomenon are used in producing 
cavitation. U.S. Pat. No. 4,497,664, to Verry, entitled 
Erosion of a Solid Surface with a Cavitating Liquid Jet, 
teaches cavitating nozzle structure employing de?ec 
tors for directing ?uid radially outward from the noz 
zle. 
Other drilling devices disclose the use of different 

hydraulic effects. U.S. Pat. No. 4,687,066, to Evans, 
entitled Rock Bit Circulation Nozzle, discloses a nozzle 
wherein a divergent vortex of drilling ?uid is created to 
sweep away rock cuttings. U.S. Pat. No. 3,189,107, to 
Galle, entitled Flushing Passageway Closures with Re 
verse Pressure Rupturable Portion, discloses a drill bit 
with nozzle plugs to prevent detritus from clogging the 
bit when lowered into the hole. 
Among the most common drilling devices, however, 

are those that use the velocity and direction of high 
pressure ?uid to drill and otherwise shear or break up 
underground rock. U.S. Pat. No. 4,991,667, to Wilkes, 
Jr., et. al., entitled Hydraulic Drilling Apparatus and 
Method, teaches selective application of drilling fluid to 
a plurality of inclined nozzles, thereby controlling the 
drilling direction. U.S. Pat. No. 4,736,805, to Shook, et. 
al., entitled Hydraulic Breaker with High Pressure Water 
Attachment, discloses an impact tool with high pressure 
?uid line attached, which combination expedites the 
rock breaking process. U.S. Pat. No. 3,960,407, to 
Noren, entitled Cutters and Methods of Cutting, teaches 
a rock spalling process using divergent high pressure 
?uid jets. U.S. Pat. No. 3,326,607, to Book, entitled 
Apparatus for Disintegrating Materials by Means of Liq 
uid Jets, discloses a rotary device with radially extend 
ing passages, thereby using centrifugal force to impart 
additional velocity to the ?uid jet. 
Other high pressure hydraulic drilling devices in 

clude U.S. Pat. No. 2,218,130, to Court, entitled Hy 
draulic Disruption of Solids, which discloses a hydrauli 
cally-turned rotor mounting nozzles thereon, and a 
downwardly directed spear nozzle. U.S. Pat. No. 
2,720,381, to Quick, entitled Method and Apparatus for 
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2 
Hydraulic Reaming of Oil Wells, likewise discloses a 
rotatable, horizontally directed hydraulic jet for remov 
ing debris from the well. U.S. Pat. No. 4,960,176, to 
Loegel, et. al., entitled Device for Cutting, Drilling, or 
Similar Working of Rock, Ore, Concrete or the Like, 
discloses a nozzle head having a plurality of nozzles 
therein. Various motions, such as oscillatory or rotary, 
can be executed by the nozzle head. 

Additional high pressure hydraulic drilling devices 
include U.S. Pat. No. 4,852,668, to Dickinson, III, et. 
al., entitled Hydraulic Drilling Apparatus and Method. 
Dickinson, III, et. al., also disclose a rotatable drill head 
including a plurality of nozzles variably inclined to a 
vertical axis. U.S. Pat. No. 4,930,586, to Turin, et. al., 
entitled Hydraulic Drilling Apparatus and Method, dis 
closes a hydraulic drill head wherein sensing and direc 
tional control of nozzles is provided by controlling ?uid 
delivery to radially directed nozzles. U.S. Pat. No. 
4,050,529, to Tagirov, et. al., entitled Apparatus for 
Treating Rock Surrounding a Wellbore, discloses recip 
rocating nozzles projecting radially from the housing 
for perforating casing and fracturing the formation with 
abrasive ?uid. 
Lacking in the prior art considered above, however, 

is a hydraulic drilling apparatus with horizontally ex 
tendable nozzle arms for circumferentially enlarging a 
drill hole by fracturing and shearing the surrounding 
rock with horizontally directed high pressure ?uid. 

SUMMARY OF THE INVENTION 

Disclosure of the Invention 

In accordance with the present invention, there is 
provided hydraulic drilling apparatus comprising 
means comprising a drill head having a longitudinal 
axis, means parallel to the longitudinal axis for channel 
ing high pressure ?uid through the drill head, and 
means diverting the high pressure ?uid to and through 
a plurality of horizontally extendable nozzle arms, 
wherein the high pressure ?uid horizontally extends the 
nozzle arms and ?ows through the nozzle arm. 
The preferred embodiment of the present invention 

further comprises means for blocking high pressure 
?uid from ?owing through the distal end of the drill 
head, and the high pressure ?uid comprises a ?uid se 
lected from the group consisting of water, N2, CO2, 
drilling mud, sand, air, and mixtures thereof. 
The preferred embodiment of the invention further 

comprises annular means for diverting high pressure 
?uid ?ow, and a spoonlike portion on each of the plural 
ity of nozzle arms. Further, each of the plurality of 
nozzle arms comprises a converging-diverging nozzle, 
and at least one of the plurality of nozzle arms extends 
at an angle different from the remainder of the plurality 
of nozzle arms. 

In the preferred embodiment of the invention, each of 
the nozzle arms comprises hinges connecting the nozzle 
arms to the drill head, and each of the hinges further 
comprises shear pins. The plurality of nozzle arms are 
returned to a position parallel to the longitudinal axis by 
gravity. 
The preferred embodiment of the invention further 

comprises a method of hydraulic drilling comprising 
the steps of providing a drill head having a longitudinal 
axis, channeling high pressure ?uid through a channel 
parallel to the longitudinal axis, and diverting the high 
pressure ?uid to and through a plurality of nozzle arms, 
thereby extending the plurality of nozzle arms. 
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The preferred method of the present invention fur 
ther comprises blocking the high pressure ?uid from 
?owing through the distal end of the drill head, provid 
ing an annulus surrounding the drill head, and provid 
ing a spoonlike portion on each of the plurality of noz 
zle arms. 
The preferred method of the invention further com 

prises the steps of providing each of the nozzle arms 
with a converging-diverging nozzle, extending at least 
one nozzle arm at a different angle from the remainder 
of the plurality of nozzle arms, and connecting the noz 
zle arms to the drill head with hinges. 
The preferred method of the invention comprises the 

steps of providing the hinges with shear pins, and re 
turning the nozzle arms to a position parallel to the 
longitudinal axis by gravity. 

It is an object of the invention to provide high pres 
sure drill head apparatus for circumferentially enlarging 
drill holes. 
Another object of the invention is the provision of 

high pressure drill head apparatus with radially and 
horizontally extendable nozzle arms. 

Still another object of the invention is the provision 
of a method for high pressure drilling. 
Yet another object of the invention is the provision of 

nozzle arms pivotable and extendable by impingement 
thereon of hydraulic drilling ?uid. 
An advantage of the invention is the cheap and effec 

tive actuation of radially extendable nozzle arms by the 
action of drilling ?uid alone. 
Yet another advantage of the invention is the provi 

sion of nozzle arms hingedly connected to the drill body 
with shear pins. 

still another advantage of the invention is the provi 
sion of nozzle arms retractable by the action of gravity 
alone. 

Other objects, advantages, and novel features, and 
further scope of applicability of the present invention 
will be set forth in part in the detailed description to 
follow, taken in conjunction with the accompanying 
drawings, and in part will become apparent to those 
skilled in the art upon examination of the following, or 
may be learned by practice of the invention. The objects 
and advantages of the invention may be realized and 
attained by means of the instrumentalities and combina 
tions particularly pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorpo 
rated into and form a part of the speci?cation, illustrate 
several embodiments of the present invention and, to 
gether with the description, serve to explain the princi 
ples of the invention. The drawings are only for the 
purpose of illustrating a preferred embodiment of the 
invention and are not to be construed as limiting the 
invention. 
FIG. 1 is a cross-sectional view of the drilling head 

with arms retracted; 
FIG. 2 is a cross-sectional view of the drilling head 

with arms partially extended; 
FIG. 3 is a cross-sectional view of the drilling head 

with arms fully extended; and 
FIG. 4 is a top view of the drilling head showing the 

preferred con?guration of the arms. 
FIG. 5 is a cross-sectional view of the drilling head 

executing rotary and reciprocating motion. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Best Modes for Carrying Out the Invention 

Reference is now made to FIGS. 1-3, which show 
the preferred embodiment of the hydraulic drilling ap 
paratus of the invention. Drilling apparatus comprises 
hydraulic drill head 12 connected to the usual drill 
string. Drill head 12 presents a generally cylindrical 
surface of revolution and is symmetrical about longitu 
dinal axis A—A'. Beveled and reduced diameter por 
tion 13 provides a nesting recess for nozzle arms 16 
when inactive. Nozzle arms 16 extend vertically by 
force of gravity; the external surfaces of arms 16 then 
generally align with the external cylindrical surface of 
head 12. Drill head 12 is preferably solid at the distal 
end thereof. 
As shown in FIG. 5, drill head 12 is also simulta 

neously rotated and reciprocated by a hydraulically 
driven drive nut or power swivel aboveground (not 
shown), such devices being well known in the drilling 
art. The drill head is slowly rotated and reciprocated at 
a rate of 4-6 revolutions and reciprocations per minute. 

Drill head 12 further comprises channel 14 surround 
ing and on each side and concentric with longitudinal 
axis A—A' for passage of hydraulic drilling ?uid there 
through. Such drilling ?uid may comprise water, gases 
such as N2 and CO2, drilling mud, sand, air, and the like, 
as well as a combination of these substances. The partic 
ular drilling ?uid used will primarily depend upon the 
rock encountered, and the desired rate of drilling. 

Nozzle arms 16 are pivotably connected to drill head 
12 by hinges 18. Hinges 18 are provided with shear pins 
19 of malleable, easily fatigued metal, such as Babbitt 
metal, copper, tin, and the like. Thus, in the event of 
jamming, blocking, or stoppage of the drilling opera 
tion, arms 16 are readily separated from drill head 12, 
thereby permitting extrication and retraction of drill 
head 12 from the drill hole. Pins 19 should normally be 
able to withstand hydrostatic pressures of approxi 
mately 7,000 psi prior to shearing, however. 
Hollow arms 16 further comprise nozzles at the ends 

thereof. Any suitable con?guration, for example, con 
vergent-divergent nozzles, is permissible; the main cri 
terion for nozzle con?guration is ef?cient conversion of 
high pressure ?uid to high velocity ?uid. Arms 16 are of 
half-cylindrical or spoonlike con?guration at 17 above 
hinges 18. 

Drill head 12 also comprises ?ow diverters 20. Di 
verters 20 are of any suitable con?guration such that 
vertical downward ?uid ?ow through channel 14 is 
diverted to radial ?ow against arms 16, thereby extend 
ing arms 16 radially and horizontally outward. The 
preferred con?guration of diverter 20 is an annulus 
surrounding drill head 12. 
FIG. 4 illustrates the preferred embodiment of arms 

16 when fully deployed. Arms 16' and 16” extend lin 
early in a straight angle (180°) relative to each other. 
Arms 16"’ and 16””, however, are skewed or offset 
relative to a 180° con?guration. This extended arm 
con?guration provides an oblique as well as horizontal 
shearing capability. 

Initially, downwardly ?owing high pressure ?uid 
(represented by arrows) is directed through channel 14 
and impinges directly upon ?ow diverters 20 and is 
forced radially outwardly. Thereupon high pressure 
?uid forces arms 16 radially and horizontally outward, 
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as depicted in FIG. 2. As arms 16 are extended radially, 
spoonlike arm portions 17 are thereby interposed di 
rectly into the ?ow path. Impingement of ?uid upon 
spoonlike portion 17 provides further leverage, forcing 
arms 16 to their fully extended horizontal positions (see 
FIG. 3). 
The drilling ?uid, in addition to impinging upon arms 

16 also ?ows through arms 16, being thereby converted 
to high velocity jets. As drill head 12 is rotated and 
reciprocated, these jets further fracture and shear natu 
rally occurring faults, fractures, and laminations in the 
surrounding rock formation. This shearing process cir 
cumferentially enlarges the drill hole. 

Cessation of flow through channel 14 returns arms 16 
to recesses 13 by action of gravity alone. 
Although the invention has been described with ref 

erence to these preferred embodiments, other embodi 
ments can achieve the same results. Variations and mod 
i?cations of the present invention will be obvious to 
those skilled in the art and it is intended to cover in the 
appended claims all such modi?cations and equivalents. 
The entire disclosures of all applications, patents, and 
publications cited above, and of the corresponding ap 
plication are hereby incorporated by reference. 
What is claimed is: 
1. Hydraulic drilling apparatus comprising: 
means comprising a drill head having a longitudinal 

axis; 
means parallel to said longitudinal axis for channeling 

high pressure ?uid through said drill head means; 
and 

annular means surrounding said drill head for divert 
ing said high pressure ?uid t0 and through a plural 
ity of horizontally extendable nozzle arms, wherein 
said high pressure ?uid horizontally extends said 
nozzle arms, and flows through said nozzle arms. 

2. The apparatus of claim 1 whererin said drill head 
means further comprises means for blocking said high 
pressure ?uid from ?owing through the distal end of 
said drill head. 

3. The apparatus of claim 1 wherein said high pres 
sure ?uid comprises a ?uid selected from the group 
consisting of water, N2, CO2, drilling 'mud, sand, air, 
and mixtures thereof. 

4. The apparatus of claim 1 wherein said means for 
diverting said high pressure ?uid further comprises a 
spoonlike portion on each of said plurality of nozzle 
arms. 
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5. The apparatus of claim 1 wherein each of said 

plurality of nozzle arms further comprises converging 
diverging nozzle means. 

6. The apparatus of claim 1 wherein at least one of 
said plurality of nozzle arms extends at an angle differ 
ent from the remainder of said plurality of nozzle arms. 

7. The apparatus of claim 1 wherein each of said 
nozzle arms further comprises hinge means connecting 
said nozzle arms to said drill head means. 

8. The apparatus of claim 7 wherein each of said 
hinge means further comprises shear pin means. 

9. The apparatus of claim 1 wherein said plurality of 
nozzle arms are returned to a position parallel to said 
longitudinal axis by gravity. 

10. A method of hydraulic drilling comprising the 
steps of: 

a) providing a drill head having a longitudinal axis; 
b) channeling high pressure ?uid through a channel 

parallel to the longitudinal axis; and 
c) diverting, by providing an annulus surrounding the 

drill head, the high pressure ?uid to and through a 
plurality of nozzle arms, thereby extending the 
plurality of nozzle arms. 

11. The method of claim 10 wherein the step of pro 
viding a drill head further comprises the step of block 
ing high pressure ?uid from ?owing through the distal 
end of the drill head. 

12. The method of claim 10 wherein the step of di 
verting high pressure ?uid further comprises the step of 
providing a spoonlike portion on each of the plurality of 
nozzle arms. 

13. The method of claim 10 wherein the step of di 
verting high pressure ?uid further comprises the step of 
providing each of the plurality of nozzle arms with a 
converging-diverging nozzle, 

14. The method of claim 10 wherein the step of di 
verting high pressure ?uid further comprises the step of 
extending at least one nozzle arm at a different angle 
from the remainder of the plurality of nozzle arms, 

15. The method of claim 10 wherein the step of di 
verting high pressure ?uid further comprises the step of 
connecting the nozzle arms to the drill head with 
hinges. 

16. The method of claim 15 wherein the step of con 
necting the nozzle arms to the drill head with hinges 
further comprises the step of providing the hinges with 
shear pins, 

17. The method of claim 10 further comprising the 
step of returning the nozzle arms to a position parallel to 
the longitudinal axis by gravity. 

* * * * * 


